evidently influence heart rate variability as well. The present study aimed to investigate the role of machine processed parameters of heart rate variability for the evaluation of the status of premature and term newborns.
. Maturity [21, 36] and age [41] evidently influence heart rate variability as well. The present study aimed to investigate the role of machine processed parameters of heart rate variability for the evaluation of the status of premature and term newborns.
Methods and patients
All studies were made with the apparatus described in parti. "Routine" printouts were obtained every 5 minutes and indicated: 1. Actual heart rate (bpm); respiratory rate (derived from the formula (a), see part I) immediately prior to the printout. 2. HAMMACHER criteria [10] (Fig. 1): A. Oscillation amplitude: saltatory (SALT), undulatory (UD), limited undulatory (LIM. UD = EG. UD) or silent (SIL). By comparing the highest with the lowest heart rate within one minute the oscillation amplitude is calculated. After 5 minutes the most frequently occurring oscillation amplitude will be printed out.
* Presented in part at the second Tübingen Symposium on Computer Supported Intensive Cafe, March 25-28,1981 B. Oscillation Rate: A, B, C. The number of transients through the zero line is calculated once each minute, and the arithmetic mean is printed out after five minutes. Long time variability (LTV as bpm). This value is derived similar to the ocsillation" amplitude. After five minutes the arithmetic mean of all five differential values is obtained. Time differences between two subsequent RR intervals are added up for five minutes and divided by the number of occurring RR intervals. The derived values are indicated in milliseconds. 5. P-Value (P in bpm).
The P value is defined as the largest difference in amplitude between two subsequent R peaks within five minutes. A sinusoidal type of oscillations was not separately identified because it was observed only extremely rarely in preliminary studies. In addition, its recognition would have been associated with considerable technical problems. The values from the printouts every 5 minutes were averaged separately for each patient after the conclusion of the runs. The frequency for oscillation amplitudes and rates was determined. "Alarm" printouts (see part I) and "routine" printouts immediately following alarm events were not included. Printouts from periods with gross body movements and from care-associated handling of the infant (physical therapy, suctioning, etc.) were not included in the evaluation because of the amplitude variations visible in the respirogram. Hence, the infants were in states 1,2, and 3, occasionally in state 6, according to the scheme of PRECHTL and BEINTEMA [34] , Because of the long duration of the records it was not practical to correlate data to the separate states nor to attempt differentiation into phases of active sleep or quiet sleep. About 65% of the routine printouts were usable. The usual length of recording was 12 hours for 75 infants (51 prematures and 24 term newborns). In 29 patients several 12 hour periods were recorded either consecutively or on various days. According to the severity of the infant's illness, the following groups were differentiated:
Group I -controls. Premature and term neonates with unremarkable CNS, cardiac, and pulmonary findings.
Group II-"sick" prematures and newborns not on mechanical ventilation. Diagnoses: Perinatal asphyxia, reccurring apneic attacks, aspiration syndromes. Group III -Premature and term newborns on mechanical ventilators without neurological findings and without suspected intracranial hemorrhage. Diagnoses: pneumonia, amniotic fluid aspiration, respiratory distress syndrome.
Group IV -Mechanically ventilated premature and term newborns with subependymal and intraventricular hemorrhage (IVH) of Grade I and II [30] , according to computer tomography.
Group V -Mechanically ventilated infants with intraventricular hemorrhage of Grade III and IV, according to CT scans or autopsy. A classification of the patients according to these groups and gestational age (determination after 5), is given in Tab. I
Results and discussion
The evaluation of the "routine" printouts of 75 infants yielded noticable differences in the various groups. With increasing severity of the illness the group mean values of the long time variability, short time variability, and P-value decreased considerably. Long time variability and the newly introduced P-value largely coincided in their course. Silent and limited undulatory tracings became relatively more common while saltatory and undulatory patterns occcurred less often. While in the controls the Type B of oscillation frequency [ 10] predominated (Group C was never observed), in Group II the oscillation fre- quency type A was more common. The differences between the mean values of the various groups was fairly distinct for most parameters. However, the standard deviations were at times quite large. We deliberately did not apply tests of statistical significance because even significant group differences say nothing or almost nothing about the diagnostic value of a particular parameter.
In addition the utilization of tests requires independent observations in the groups; this would have required a random elimination of some multiple recordings in the same child.
Of the examined parameters the long time variability, short time variability, and P-value were found to be best suitable for a rapid evaluation because these values were present in numerical form in each routine printout. The proportions of the various oscillation amplitudes and frequencies required further calculations «because the routine printouts yielded only the type which occurred more frequently within the respective 5 minutes.
In severe intfacranial hemorrhages the heart rate variability was decreased most (Tab. II) and thus allowed us to suspect this diagnosis. Otherwise heart rate analysis allowed only a global statement about the severity of the illness and was not able to aid in diagnosis because of disease-specific changes.
Decreases of heart rate variability were also noticed in infants with acute renal failure -presumably because of the cerebral edema, -following muscle relaxants after lengthy anesthesias, and after repeated high doses of sedatives.
JkPerinat.Med. 11 (1983) LTV (bpm) V LIM KI etal. [41] described a correlation between heart rate variability and age; we noticed this as well (Group III in Fig. 3) . Similarity it appears to be influenced by the gestational age [21, 26] . In Fig. 2 the mean value of the long time variability as calculated from routine printouts was plotted against the gestational age for each of the 117 recordings. In Fig. 3 the long time variability is correlated with the age at the time of the recording. In patients without intracranial hemorrhage long time variability appears to be greater with more advanced gestational and postnatal age (see also Fig. 4) . In contrast the infants with intraventricular hemorrhage show only a low degree of long time variability which was not dependent on gestational or postnatal age. Similar results were found for all other parameters of heart rate variability.
In (without IVH) as well as IV and V (with IVH) were combined and mean group values and standard deviations were calculated. Marked difference between the groups without intracranial hemorrhages and those with hemorrhages were found also for long time variability, P-value, and silent oscillation amplitude. Short time variability, oscillation frequency A, and undulatory or limited undulatory oscillation types" showed less differences.
Consecutive recordings in individual patients demonstrated also differences between those with and those without intracranial hemorrhages. Twenty infants without IVH and 9 with IVH were examined over two 12 hour periods. In the first group the heart rate variability was generally greater in the second (later) examination than in the first recording ( minimal increase. This positive and negative trend respectively was most clearly expressed for long time variability and P-value. There was no definite trend recognizable for short time variability. Oscillation amplitudes and frequency rates were less suitable for this analysis. By means of the statistical method of linear discriminatory analysis we tested the usefulness of the recorded mean values of the following parameters: long term variability, short term variability, P-value, silent, limited undulatory and undulatory oscillation type as well as oscillation frequency A (which in turn determines saltatory oscillation amplitude and oscillation frequency B) for the diagnosis of intracranial hemorrhage. We amended the original planned correlation according to age at the time of recording and gestational · age. The failure to obtain always correct correlations is insignificant because of small case numbers. The results of linear discriminatory analysis (Tab. Ill) were unsatisfactory because of the frequent false negative classifications. By using the available recordings "univariant reference areas" were determined which allowed the best possible separation of groups with and without intracranial hemorrhage. By using a combination of such reference areas marked reduction of false negative results from the linear discriminatory analysis was obtained while retaining the same rate of false positive correlations. Tab. Ill demonstrates the best results which could be obtained with linear discriminatory analysis and a combination of univariant reference areas (CUR). The method of reclassification yields the indicated rates of false classifications. The "leaving one out" method, which generally yields somewhat more accurate estimates was not applicable with CUR because the determination of the reference areas did not follow any rule which could be automated. From Tab. Ill long time variability and silence emerge as the most important diagnostic parameters. The use of more than two parameters did not add significant incremental information. These descriptive statistical methods may be criticizied for using several recording periods from the same children for analysis. However, we wanted to keep the case number as large as possible and we also came to the conclusion on the basis of observations (Fig. 5 ) that the random choice of one recording period per child would not have changed the results from those indicated in Tab. III.  It is not yet known why the parameters of heart rate variability are expressed variably depending on age, maturity, and severity of illness. A decrease of the heart rate variability in prematures and term newborns might be explained by a lower J.Perinät.Med. 11 (1983) of baseline autonomous activity with lower variability and cerebral damage. However, this gestational age [42] , a depression or injury of the work was based on the analysis of polygraph regulatory center of the cardiovascular system in records and computer tomograms were not done. the medulla oblongata [1, 35] , and a constantly overshooting Sympathie stimulation [4] . The heart rate variability may be considered a measure of the autonomous system integrity of the organism [26] . A decrease of heart rate variations parallel to an increasing severity of the illness in our study supports this hypothesis. Remarkable is the extreme limitation of the variability pattern in newborns with intracranial hemorrhage, evidently correlating with the severity of the hemorrhage. From case studies [7, 15] it has been known for some time that in intracerebral hemorrhage silent patterns dominate. POKORNY and coworkers [33] described from visual evaluations of cardiorespirograms in 9 infants with intracerebral hemorrhages in addition to silent patterns, the oscillation frequency A as typical. NlSHIDA et al. [29] also reported on the loss of variability in
The loss of heart rate variability very likely could be caused by a damage of the vasomotor areas in the medulla oblongata from the increased intracranial pressure in severe cerebral hemorrhage (Group V). In germinal matrix hemorrhage and minor ventricular hemorrhage (Group IV) the neurophysiological knowledge about the supramedullary regulation of the heart rate might serve as an explanation [2, 23, 24, 25, 28] . According to these studies in addition to the classical circulatory center in the lower brainstem various areas of the palaeocortex and neocortex act on heart and circulatory activity. An intracranial hemorrhage of lesser dimensions might damage these areas and cause a depression of heart rate variability.
In summary, microprocessor-based cardiorespirocerebral damage. On the other hand KARCH [20] graphy has proven to be useful in the evaluation of did not find a good correlation between heart rate the status of premature and term newborns. Machine computation facilitates and enhances the obviously is reserved for specific methods such as evaluation of cardiorespirograms considerably, cranial computed tomography or sonography. Even though the number of evaluated patients is f still relatively low, we consider it justified to use The transcutaneous determination of oxygen the method as a screening method for intracranial tension should be included as an additional parahemorrhage. Further confirmation of the diagnosis meter and included in computer process.
Summary
In 1965 URBACH et al. and RUDOLPH et al. [35, 39] described a loss of heart rate variability in severely ill neonates. In this study we investigated the correlation between instantaneous heart rate patterns and status diagnosis. We used a microprocessor-based cardiorespirography system. Seventy five newborn infants (51 prematures and 24 term neonates) were studied for about 12 hours each. Twenty nine patients had a second record after the first investigation. Parameters were: Type of frequency and oscillation, long time variability (LTV), short time variability (STV) and the newly introduced P-value (maximal difference between two successive R-peaks in five minutes). We found clear differences between the study groups. With increasing severity of illness mean values ("group mean values") of long time variability, short time variability and P-value decreased. Fixed heart rate became predominant. The most pronounced loss of heart rate variability was seen in infants with severe intracranial bleeding, thus offering a tentative diganosis. For statistical analysis long time variability and the silent oscillation type have been proved as best parameters for this diagnosis. Severely decreased heart rate variations also have been seen in infants with acute renal failure -possibly because of brain edema -, after application of muscle relaxants, repeated doses of sedatives, and after prolonged anesthesia. Otherwise, the heart rate variability was probably dependent on age and gestational age in prematures and newborn infants without intracranial bleeding. It is possible to use microprocessor-based long time cardiorespirography as a simple screening method for the diagnosis of neonatal intracerebral bleeding. In future experiences transcutaneous measurements of oxygen tension should be included. 
